Risk factors for atherosclerotic and medial arterial calcification of the intracranial internal carotid artery by Vos, A. et al.
lable at ScienceDirect
Atherosclerosis 276 (2018) 44e49Contents lists avaiAtherosclerosis
journal homepage: www.elsevier .com/locate/atherosclerosisRisk factors for atherosclerotic and medial arterial calciﬁcation of the
intracranial internal carotid artery
Annelotte Vos a, *, 1, Remko Kockelkoren b, 1, Jill B. de Vis b, c, Yvonne T. van der Schouw d,
Irene C. van der Schaaf b, Birgitta K. Velthuis b, Willem P.T.M. Mali b,
Pim A. de Jong b, on behalf of the DUST study group
a Department of Pathology, University Medical Center Utrecht and Utrecht University, Room H04.3.12, PO Box 85500, 3508GA, Utrecht, The Netherlands
b Department of Radiology, University Medical Center Utrecht and Utrecht University, Room F01.503, PO Box 85500, 3508GA, Utrecht, The Netherlands
c Department of Radiology, Johns Hopkins Medical Center, Baltimore, USA
d Julius Center for Health Sciences and Primary Care, University Medical Center Utrecht and Utrecht University, Room 6.131, PO Box 85060, 3508AB, Utrecht,
The Netherlandsa r t i c l e i n f o
Article history:
Received 22 March 2018
Received in revised form
4 June 2018
Accepted 5 July 2018
Available online 7 July 2018
Keywords:
Intracranial carotid artery
Cardiovascular disease risk factors
Medial arterial calciﬁcation
Atherosclerosis* Corresponding author.
E-mail address: a.vos-10@umcutrecht.nl (A. Vos).
1 These authors contributed equally to this work.
https://doi.org/10.1016/j.atherosclerosis.2018.07.008
0021-9150/© 2018 The Authors. Published by Elseviera b s t r a c t
Background and aims: Calciﬁcations of the intracranial internal carotid artery (iICA) are an important risk
factor for stroke. The calciﬁcations can occur both in the intimal and medial layer of the vascular wall.
The aim of this study is to assess whether medial calciﬁcation in the iICA is differently related to risk
factors for cardiovascular disease, compared to intimal calciﬁcation.
Methods: Unenhanced thin slice computed tomography (CT) scans from 1132 patients from the Dutch
acute stroke study cohort were assessed for dominant localization of calciﬁcation (medial or intimal) by
one of three observers based on established methodology. Associations between known cardiovascular
risk factors (age, gender, body mass index, pulse pressure, eGFR, smoking, hypertension, diabetes mel-
litus, hyperlipidemia, previous vascular disease, and family history) and the dominant localization of
calciﬁcations were assessed via logistic regression analysis.
Results: In the 1132 patients (57% males, mean age 67.4 years [SD 13.8]), dominant intimal calciﬁcation
was present in 30.9% and dominant medial calciﬁcation in 46.9%. In 10.5%, no calciﬁcation was seen. Age,
pulse pressure and family history were risk factors for both types of calciﬁcation. Multivariably adjusted
risk factors for dominant intimal calciﬁcation only were smoking (OR 2.09 [CI 1.27e3.44]) and hyper-
tension (OR 2.09 [CI 1.29e3.40]) and for dominant medial calciﬁcation diabetes mellitus (OR 2.39 [CI 1.11
e5.14]) and previous vascular disease (OR 2.20 [CI 1.30e3.75]).
Conclusions: Risk factors are differently related to the dominant localizations of calciﬁcations, a ﬁnding
that supports the hypothesis that the intimal and medial calciﬁcation represents a distinct etiology.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Calciﬁcations of the intracranial internal carotid artery (iICA) are
an important independent risk factor for stroke in the general
population [1]. These calciﬁcations are often interpreted as a proxy
for atherosclerosis. However, already in 1965, it was described that
calciﬁcations in the siphon of the carotid artery are not only found
in the intimal layer of the vascular wall, but also in the medial layerB.V. This is an open access article uand around the internal elastic lamina [2]. Recently, it was shown
that calciﬁcation in the iICA is predominantly located around the
internal elastic lamina [3]. Calciﬁcations in this area are considered
to be medial arterial calciﬁcations [4].
Medial calciﬁcations have been described in multiple arteries,
including femoral and breast arteries [5,6]. Breast arterial calciﬁ-
cations (BAC), as visualized on mammography, are thought to be
exclusively medial [5]. BAC has a similar incidence in patients with
angiographically normal arteries and patients with coronary heart
disease [7]. However, the incidence of BAC was found to be higher
in patients with an indication for coronary angiography than in the
general population [7]. Therefore, is has been hypothesized that
BAC shares some, but not all risk factors for atherosclerosis [7].nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Examples of predominant intimal and predominant medial calciﬁcation on CT.
(A) An example of predominant medial calciﬁcation: a thin continuous line of calci-
ﬁcation (arrows). (B) An example of predominant intima calciﬁcation: thick dots of
calciﬁcation (arrows).
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association between iICA calciﬁcations and stroke, and that iICA
calciﬁcations are predominantly medial. Furthermore, it is hy-
pothesized that risk factors for medial arterial calciﬁcations can be
partly different from risk factors for atherosclerotic vascular dis-
ease. Therefore, it is important to determine what risk factors in-
ﬂuence the different types of iICA calciﬁcations. If medial arterial
calciﬁcations are indeed an important factor in the development of
stroke, differences in risk factors could inﬂuence current clinical
practice regarding risk reduction.
Previous reports described associations between iICA calciﬁca-
tions and age, diabetes, hypercholesterolemia, hypertension,
smoking, history of cardiovascular disease and high white blood
cell count [8e12]. However, these studies did not take the different
localizations of calciﬁcation in the vascular wall into account. Based
on a comparison with histopathology, we recently described a
computed tomography (CT) scoring system that can determine the
dominant calciﬁcation type in the iICA [13]. This scoring system
allows us to evaluate the effect of risk factors on the different
dominant calciﬁcation types. The aim the current study is to assess
whether medial calciﬁcation in the iICA is differently related to risk
factors for cardiovascular disease, compared to intimal calciﬁcation.
2. Materials and methods
2.1. Cohort
The patients were derived from the DUtch acute Stroke Study
(DUST) cohort; a multi-center cohort study of 1393 patients with
suspected acute ischemic stroke. Patients were included if the
following criteria were met: 1) older than 18 years, 2) National
Institutes of Health Stroke Scale 2, or 1 if an indication for intra-
venous thrombolysis with recombinant tissue type plasminogen
activator was present, 3) acute neurological deﬁcit of less than 9 h
of duration. Patients were excluded from the study if another
diagnosis on admission non-contrast Computed Tomography (CT)
explained the neurological deﬁcits, and in case of a known contrast
allergy or previously known renal failure at the time of admission.
At the time of admission, patient characteristics were collected,
including blood pressure, height, weight, smoking, and family
history of vascular diseases (1 or more ﬁrst degree relative <60
years). Information about the medical history of the patients was
collected, including previously diagnosed hypertension (systolic
blood pressure 140mmHg and/or diastolic blood pressure
90mmHg), hyperlipidemia (cholesterol 5e8mmol/l) or dia-
betes mellitus (fasting glucose 7.0mmol/l and/or glucose
11.1mmol/l) and previous vascular disease (including previous
diagnosis of myocardial infarction, transient ischemic attack, stroke
and peripheral vascular disease or previous vascular intervention).
Furthermore, laboratory tests, including serum creatinine and
glucose, and an non-contrast CT-scan were performed. DUST was
approved by the Medical Ethical Committee of the participating
hospitals under protocol number 08e373. Informed consent was
obtained from all patients for use of the data [14].
2.2. CT imaging
Multiple CT scanners were used in the participating centers. The
number of detectors ranged from 40 to 320 (LightSpeed VCT, GE
Healthcare, Milwaukee, Wisconsin; Brilliance 40, Brilliance 64, and
Brilliance iCT 256, Philips Healthcare, Best, the Netherlands; Sensa-
tion 64, Siemens, Erlangen, Germany; Aquilion ONE, ToshibaMedical
Systems, Tokyo, Japan) at 120 kV and 300e375mA s. Patients were
scanned from the skull base to the vertex and scans were recon-
structed with a slice thickness ranging from 0.625 to 1mm.2.3. CT scoring
For all patients, the presence, morphologic characteristics and
severity of iICA calciﬁcations were scored on the thin slice CT data
by one of three readers with at least 2 years of experience reading
CT images. (PdJ, JdV, RK) The agreement between the readers was
previously found to be good, with kappa's ranging from 0.70 to 0.80
[13]. The readers were blinded to the clinical data. Using the pre-
viously developed scoring model points were awarded for different
morphologic aspects of the calciﬁcations (0e4 points for circularity,
0e3 points for thickness of calciﬁcations, and 0e4 points for con-
tinuity of calciﬁcation over a longer arterial segment). Based on the
total score (range 0e11 points) the calciﬁcations were deﬁned as
dominantly intimal (score <7 points), dominantly medial (score 7
points), indistinguishable (continuity of calciﬁcation unclassiﬁable,
due to the presence of only very small amounts of calciﬁcation), or
absent (Fig. 1) [13]. Furthermore the severity of the calciﬁcations
was scored in a four-tier system (none, mild, moderate, severe) as
previously described by Woodcock and colleagues [15].2.4. Clinical and laboratory characteristics
Body mass index (BMI) was calculated using the collected
weight and height of the patients. Estimated glomerular ﬁltration
rate (eGFR) was calculated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation [16]. This formula
calculates the eGFR based on gender, age, serum creatinine and
race. Since information regarding race was not available in the
dataset, we calculated the eGFR as if we only included white pa-
tients. Given the localization of the study, we assumed the majority
of patients to be white.2.5. Statistical analysis
Characteristics (age, gender, body mass index, systolic blood
pressure, diastolic blood pressure, pulse pressure, serum creatinine,
eGFR <60mL/min/1.73m2, glucose, smoking, hypertension, dia-
betes mellitus, hyperlipidemia, previous vascular disease, and
family history) were expressed according to the location of
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presented as mean and standard deviation, skewed continuous
variables as median and interquartile range. Categorical variables
were presented as percentages. Differences between two groups
were assessed using an independent samples T-test (normally
distributed continuous variables), a Mann-Whitney test (skewed
distributed continuous variables) or a chi-square test (categorical
variables).
The crude and adjusted associations between the risk factors
and the dominant localization of calciﬁcations (intimal or medial)
were assessed by logistic regression. We ﬁrst compared patients
with calciﬁcations that could be classiﬁed as dominant intimal or
dominant medial by binomial logistic regression. We repeated this
analysis in patients with severe, often more easily classiﬁable, cal-
ciﬁcations. Finally, as comparing only patients with calciﬁcations
can mask a protective effect of a determinant and hide a risk factor
that is signiﬁcant for both types of calciﬁcation, we also conducted
multinomial logistic regression for assessing risk factors for a
dominant intimal and a dominant medial pattern of calciﬁcations
in all patients suspected for acute stroke (with indistinguishable
calciﬁcations as reference category).
Results are presented as odds ratios (OR) with 95% conﬁdence
intervals (CI). Adjusted OR were adjusted for all other risk factors
listed. Missing values in variables used in multivariable analyses
were accounted for via multiple imputation using the fully condi-
tional speciﬁcation Markov Chain Monte Carlo (MCMC) method.
Multivariable analyses were run on 15 imputed datasets and
combined using Rubin's rule. Statistical analyses were conducted
using SPSS Statistics version 21.0 (IBM Corporation, New York,
United States). p-values of <0.05 were considered signiﬁcant.
3. Results
In all 1393 patients included in the study a CT-scan was per-
formed. However, in 261 of these 1393 patients thin slice unen-
hanced CT-images were not available. Therefore, calciﬁcations of
the iICA were scored in the remaining 1132 patients (57% males;
mean age 67.4 years [SD 13.8]; diagnosis at discharge: cerebral
infarction in 89.3%, transient ischemic attack in 6.1% and another
diagnosis in 4.6%). In 30.9% (350 of 1132) of patients a dominant
intimal pattern of calciﬁcation was found, in 46.9% (531 of 1132) a
dominant media pattern. In 11.7% (132 of 1132) of patients the main
localization of calciﬁcation could not be determined (indistin-
guishable category) and in 10.5% (119 of 1132) calciﬁcations were
absent (Table 1). Calciﬁcations were severe in 34.5%, moderate in
28.1% and mild in 26.9% (Supplemental Table 1).
3.1. Dominant intima versus dominant media calciﬁcations
In the 881 patients, who were either scored as predominant
media or intima calciﬁcation, logistic regression analysis showed
that patients with predominant media calciﬁcation were signiﬁ-
cantly older (OR 1.49 per 10 years of age [CI 1.29e1.73]), more often
female (ORmale gender 0.64 [CI 0.47e0.87]), smoked less often (OR
0.57 [CI 0.40e0.80]), and more often had a history of previous
vascular diseases (OR 1.49 [CI 1.06e2.09]) than patients with pre-
dominant intima calciﬁcations (Table 2). The other risk factors did
not differ signiﬁcantly between the two groups. The results were
comparable when only the patients with severe calciﬁcations
(often more easily classiﬁable) were analyzed by binominal
regression (Supplemental Table 2).
3.2. Risk factors for intimal and risk factors for medial calciﬁcations
When assessing the risk factors for dominant intimalcalciﬁcation in all patients, including the patients without or with
unclassiﬁable calciﬁcations, by multinomial regression, intimal
calciﬁcations were associated with older age (OR 1.89 per 10 years
of age [CI 1.53e2.32]), higher pulse pressure (OR 1.12 per 10mmHg
[CI 1.01e1.24]), smoking (OR 2.09 [CI 1.27e3.44]), hypertension (OR
2.09 [CI 1.29e3.40]) and a positive family history (OR 1.80
[1.08e2.99]). Medial calciﬁcations were associated with older age
(OR 2.84 per 10 years of age [CI 2.29e3.51]), higher pulse pressure
(OR 1.12 per 10mmHg [CI 1.01e1.25]), diabetesmellitus (OR 2.39 [CI
1.11e5.14]), previous vascular disease (OR 2.21 [CI 1.30e3.75]) and
positive family history (OR 1.75 [1.04e2.95]) (Table 3).
4. Discussion
In this study, we assessed the risk factors for the two types of
arterial calciﬁcation, intimal and medial, that are known to affect
the iICA, and determined whether a difference in risk proﬁle exists
between the dominant calciﬁcation types. Our study showed that
patients with predominant medial calciﬁcation of the iICA were
older, more often female, smoked less often and more often had a
history of previous vascular diseases, compared to patients with
predominant intimal calciﬁcation. Multinomial regression
conﬁrmed the existence of differences in risk factors for predomi-
nant intimal and medial calciﬁcation. Older age, higher pulse
pressure and positive family history were risk factors for both types
of calciﬁcation. Whereas, smoking and hypertension were only risk
factors for predominant intimal calciﬁcation, and diabetes mellitus
and previous vascular disease were only risk factors for predomi-
nant medial calciﬁcation (Fig. 2).
Although the differences are limited; the ﬁnding of differences
in risk factors for the two calciﬁcation patterns support the concept
that both types of calciﬁcation represent a difference in etiology
[17]. Our ﬁndings are overall in agreement with previous studies in
different vascular beds [18]. However, given the difﬁculty of sepa-
rating medial and intimal calciﬁcations in vivo, data on risk factors
for the separate types of calciﬁcation are very limited. This litera-
ture is conﬁned to some studies in breast arterial calciﬁcation (BAC)
which is thought to be exclusively medial, and studies in which
linear 18F-sodium ﬂuoride uptake in the femoral artery and high
ankle brachial index are used as surrogate markers for medial
arterial calciﬁcation.
For medial arterial calciﬁcation, previous studies also showed a
relation between older age, diabetes mellitus, and previous
vascular diseases [18e21].
We did not ﬁnd a relation between a previous diagnosis of hy-
pertension and medial calciﬁcation. However, we did ﬁnd an as-
sociation with pulse pressure. The relation between medial
calciﬁcation and hypertension has been investigated before, with
conﬂicting results [18,19,21,22]. If a relation exists, one could
speculate about the cause and effect. It could be that hypertension
functions as a risk factor for medial arterial calciﬁcation. However,
the other way around medial calciﬁcation is thought to result in a
decreased arterial compliance or stiffening of the arterial wall,
which could lead to increased pulse pressure and hypertension
[23,24].
The relation between positive family history and medial arterial
calciﬁcation differs from the sparse ﬁndings in literature, where no
association was found [21]. The current found association between
medial calciﬁcation and family history of cardiovascular diseases in
this study could suggest that medial calciﬁcation does play a role in
the development of cardiovascular diseases. However, it could also
mean that in case of cardiovascular diseases, due to vascular
damage medial calciﬁcation develops more easily. A third hypoth-
esis is that due to the presence of some shared risk factors, both
intimal and medial calciﬁcation develop in the same families.
Table 1
Characteristics in association with dominant localization of calciﬁcations.
Absent n¼ 119 Intima n¼ 350 Media n¼ 531 Indistinguishable n¼ 132 p-valuea
Age (years) 48.6± 10.9 67.4± 10.8 73.8± 11.2 58.5± 12.3 <0.0005
Gender (male) 66 (55.5%) 228 (65.1%) 269 (50.7%) 80 (60.6%) <0.0005
Body mass index (kg/m2) 26.3 (24.7e30.6) 26.5 (23.8e29.3) 26.0 (23.1e28.4) 26.6 (24.4e29.2) 0.058
Pulse pressure (mmHg) 60.7± 16.6 72.8± 22.2 76.0± 25.0 64.5± 21.3 0.053
eGFR < 60mL/min/1.73m2 5 (4.2%) 38 (11%) 91 (17.3%) 11 (8.4%) 0.010
Current smoker 40 (34.2%) 124 (37.6%) 102 (21.2%) 38 (30.6%) <0.0005
Hypertension 33 (28.0%) 205 (58.7%) 313 (59.6%) 44 (33.8%) 0.795
Diabetes mellitus 6 (5%) 53 (15.1%) 102 (19.3%) 10 (7.6%) 0.112
Hyperlipidemia 17 (14.4%) 141 (41.5%) 192 (37.4%) 38 (29.5%) 0.236
Previous vascular disease 26 (22.2%) 150 (44.8%) 264 (51.4%) 36 (27.9%) 0.061
Family history (positive) 37 (36.6%) 83 (33.2%) 92 (27.5%) 24 (22.2%) 0.140
Severity of calciﬁcation <0.0005
Absent 119 (100%) 0 (0%) 0 (0%) 0 (0%)
Mild 0 (0%) 102 (29.1%) 71 (13.4%) 132 (100%)
Moderate 0 (0%) 159 (45.4%) 159 (29.9%) 0 (0%)
Severe 0 (0%) 89 (25.4%) 301 (56.7%) 0 (0%)
Variables described as mean ± standard deviation for continuous variables, median (interquartile range) for skewed continuous variables, and number (%) for categorical
variables.
a p-values are given for a difference between the groups with dominant intimal and dominant medial calciﬁcation.
Table 2
Association between risk factors and a predominant medial localized calciﬁcation pattern in patients with classiﬁable iICA calciﬁcations.a
Determinant Crude OR (95% CI) for predominant media calciﬁcation p-value Adjusted OR (95% CI) for predominant media calciﬁcation p-value
Gender (male) 0.549 (0.416e0.725) <0.0005 0.640 (0.472e0.868) 0.004
Age (per 10 years) 1.680 (1.475e1.913) <0.0005 1.491 (1.287e1.726) <0.0005
BMI (kg/m2) 0.968 (0.935e1.003) 0.075 0.979 (0.943e1.016) 0.265
Pulse pressure (per 10mmHg) 1.058 (0.999e1.120) 0.053 1.007 (0.945e1.073) 0.827
eGFR <60mL/min/1.73m2 1.700 (1.133e2.550) 0.010 1.310 (0.844e2.034) 0.229
Current smoker 0.451 (0.331e0.614) <0.0005 0.568 (0.402e0.801) 0.001
Hypertension 1.035 (0.786e1.363) 0.807 0.737 (0.531e1.024) 0.069
Diabetes mellitus 1.338 (0.930e1.924) 0.117 1.448 (0.965e2.172) 0.074
Hyperlipidemia 0.869 (0.658e1.149) 0.326 0.724 (0.508e1.032) 0.074
Previous vascular disease 1.329 (1.012e1.746) 0.041 1.489 (1.062e2.086) 0.021
Positive family history 0.849 (0.610e1.180) 0.327 0.984 (0.697e1.387) 0.925
eGFR indicates estimated glomerular ﬁltration rate; BMI, body mass index; OR, odds ratio; and 95%, CI 95% conﬁdence interval. All adjusted OR are adjusted for all other
determinants listed.
a Classiﬁable calciﬁcations: all patients with a calciﬁcations that could be scored as predominant intimal or predominant medial; patients without calciﬁcations or
indistinguishable calciﬁcations were not included in this analysis.
Table 3
Association between risk factors and a predominant intimal or predominant medial localized calciﬁcation pattern in the full cohort.
Determinant Adjusted OR (95% CI) for predominant intima calciﬁcation p-value Adjusted OR (95% CI) for predominant media calciﬁcation p-value
Gender (male) 1.371 (0.878e2.142) 0.166 0.860 (0.553e1.339) 0.505
Age (per 10 years) 1.886 (1.533e2.320) <0.0005 2.837 (2.294e3.510) <0.0005
BMI (kg/m2) 0.983 (0.935e1.033) 0.491 0.965 (0.918e1.015) 0.169
Pulse pressure (per 10mmHg) 1.118 (1.005e1.242) 0.040 1.122 (1.010e1.246) 0.031
eGFR <60mL/min/1.73m2 0.545 (0.254e1.169) 0.119 0.718 (0.344e1.498) 0.377
Current smoker 2.092 (1.273e3.438) 0.004 1.240 (0.740e2.079) 0.414
Hypertension 2.093 (1.287e3.403) 0.003 1.528 (0.943e2.478) 0.085
Diabetes mellitus 1.674 (0.771e3.634) 0.193 2.393 (1.114e5.142) 0.025
Hyperlipidemia 0.796 (0.452e1.403) 0.431 0.578 (0.329e1.016) 0.057
Previous vascular disease 1.507 (0.881e2.576) 0.134 2.205 (1.295e3.753) 0.004
Positive family history 1.800 (1.084e2.987) 0.023 1.753 (1.041e2.953) 0.035
eGFR indicates estimated glomerular ﬁltration rate; BMI, body mass index; OR, odds ratio; and 95% CI 95% conﬁdence interval. All adjusted OR are adjusted for all other
determinants listed.
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verse relation between medial calciﬁcation and smoking. Although
previous studies investigating the relationship between medial
calciﬁcation and smoking have not been able to elucidate their
interaction, a protective effect has been suggested in several of
these studies [12,19e22]. As well, a recent study found an (unad-
justed) inverse relation between overall, thus intimal and medial,
iICA calciﬁcation severity and smoking [25], which may be
explained by the compelling higher prevalence of medialcalciﬁcation in the iICA [3] in combination with a possible protec-
tive effect of smoking on medial calciﬁcation.
For intimal calciﬁcation, the relation with smoking has exten-
sively been described in literature, and was conﬁrmed in our data
[26e28].
Furthermore, we found a clear relation between intimal calci-
ﬁcation and hypertension. Hypertension can cause endothelial
damage, resulting in impaired vascular contractility and proin-
ﬂammatory activity, causing atherosclerosis [29].
Fig. 2. Risk factors for intimal and medial arterial calciﬁcation.
Risk factors for dominant intimal and dominant medial arterial calciﬁcation in
multinomial regression. Figure prepared using templates from the Servier medical art
Website (https://smart.servier.com).
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risk factor for atherosclerosis [30]. We could conﬁrm this in our
study.
Surprisingly, we did not ﬁnd a relation between diabetes mel-
litus and intimal calciﬁcation, even though pathways of hypergly-
cemia leading to development, progression and instability of
atherosclerotic lesions have been described in literature [31]. Also,
we were not able to show a relation between previous vascular
diseases or hyperlipidemia and intimal calciﬁcation.
This study has some important limitations, including the cross-
sectional design and the inclusion of only patients with acute
stroke or stroke-like symptoms (diagnosis at discharge: cerebral
infarction in 89.3%, transient ischemic attack in 6.1% and another
diagnosis in 4.6%). Repeated analyses in only the patients with ﬁnal
diagnosis infarction gave comparable results (Supplemental
Tables 3 and 4). The patients without calciﬁcations were in gen-
eral younger and suffered more often from acute stroke due to
arterial dissection than the patients with calciﬁcations
(Supplemental Table 5). It has been suggested that craniocervical
artery dissection is triggered by a combination of both an under-
lying susceptibility (i.e. genetic, vascular anomaly, infection) and a
(minor) mechanical trauma [32]. Furthermore, it is known that risk
factors such as pregnancy, oral contraceptives and illicit drug use
are related to ischaemic stroke in young adults (<50 year) [33]. As
we do not know if the differences in risk factors for ischaemic
stroke in the young population also propagate to a different car-
diovascular risk proﬁle as compared to healthy controls, we decided
to exclude this population as a control population in this study. The
patients with indistinguishable calciﬁcations were also younger
than patients with intimal or medial calciﬁcations and suffered
more often from stroke due to dissection. In these patients, the
differences from patients with clear calciﬁcations were smaller
than in the patients without calciﬁcations. Therefore, we chose to
analyse the data in multiple ways and to compare the patients with
predominant intimal and medial calciﬁcation with the patients
with very small amounts of calciﬁcation (indistinguishable
category).Another limitation of this study is the lack of larger amounts of
patients with decreased renal function, therefore, we cannot draw
ﬁrm conclusions on renal function.
Furthermore, we used a radiological scoring method to differ-
entiate between the types of calciﬁcation. The model previously
showed good inter-rater agreement, but only moderate agreement
to histology. This means thatmisclassiﬁcation can occur using CT. In
our experience the misclassiﬁcation occurs most often due to small
amounts of calciﬁcation, and the misclassiﬁcation rate is unrelated
to the type of calciﬁcation present (non-differential misclassiﬁca-
tion) [13]. Finally, the used radiological scoring model in our study
does not discriminate between intimal andmedial calciﬁcation, but
only distinguishes dominant calciﬁcation patterns. This means that
patients with a dominant medial calciﬁcation pattern can, to vari-
able extents, also suffer from intimal calciﬁcation, and vice versa.
Nevertheless, this does not invalidate our results but might have
diluted the associations.
In conclusion, we showed that the effect of risk factors on
vascular calciﬁcation in the iICA depends on the location of these
calciﬁcations in the vascular wall, with age, pulse pressure, diabetes
mellitus, previous vascular disease and positive family history being
risk factors for medial arterial calciﬁcation and age, pulse pressure,
smoking, hypertension and positive family history for intimal calci-
ﬁcation. Our data support the hypothesis that these two types of
calciﬁcations represent different entities, and support the hypothesis
that a non-atherosclerotic pathway may also lead to stroke. This
concept may evolve into novel strategies to prevent stroke in the
future beyond atherosclerotic cardiovascular risk reduction.
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